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Abstract – – The results of development, manufacturing and 
testing of a special contactless maintenance-free excitation 
current measurement system intended for the windings with high 
inductance, typical for superconductive alternators, are presented. 
The system was assembled on the brushless exciter is intended for 
1 MVA wind-power generator with the winding, manufactured of 
high-temperature superconductors (HTSC). The alternator with 
brushless exciter were manufactured and successfully tested. 
Keywords – excitation current, superconductivity, contactless 
measurement, digital signal processing, Hall sensor, quench 
protection 
 
I. INTRODUCTION  
 
One of the specific features of alternators with 
superconducting excitation windings is high inductance of 
the windings. It refers to all types of alternators: generators, 
motors, synchronous condensers [1]. There is no major 
difference in low- or high-temperature superconductors in 
this aspect. The control of the excitation current value is 
important because of possible quench of the winding with 
transition from a superconductive to normal state. It results 
in appearance of high electric resistance and high voltage on 
the excitation winding terminals. Not to destroy the winding 
special protection system is envisioned. It gets the signals 
from the current and temperature measuring systems. 
The current measuring system was developed for 1 MVA 
wind-power generator with HTSC excitation winding and 
brushless exciter. The alternator comprises a multi-pole 
winding. The coils are manufactured of HTSC tape of the 2-
nd generation with relatively low current value and as a 
result high inductance value. The rotor has cryogenic 
cooling. The armature is of a conventional type. It was 
decided to make a brushless exciter operating with 
conventional air-cooling. It contains the main exciter and 
sub-exciter and is independent of external current supply [2]. 
Electrical connection of exciter with the excitation winding, 
i.e. copper wires with HTSC, is performed within the 
rotating shaft. 
The whole complex was manufactured and successfully 
tested within the SC «Rosatom» Program «Superconductive 
Industry» [3]. 
The main aim of the work is the development of 
contactless maintenance-free system of excitation current 
measurements. It is to be responsible for the following: 
possibility of measurements in the current operating range; 
independence of the accuracy of measurements from the 
rotor frequency of rotation; insensitivity to external thermal, 
electromagnetic or mechanical influences; repeatability in 
case of serial production with application of a maximum 
possible amount of standard elements. 
 
II. ОVERVIEW OF APPLIED MEASUREMENT SYSTEMS 
 
Analysis of existing systems of excitation current 
measurement in turbogenerators with both independent and 
brushless excitation systems revealed several drawbacks, 
making them not applicable for superconductive wind-power 
alternator [4-10]. They either comprise subjected to wear 
rotating elements or are influenced by numerous factors 
mispresenting the final result. Moreover in many cases they 
have negative influence on the safety of operation. The latter 
is very important for the wind-power installations.  
Specific feature of the developed superconductive 
alternator with brushless exciter is as mentioned above 
electrical connection of copper and HTSC current leads is 
performed inside the shaft of the device. Therefore even very 
attractive variants of patents [10] cannot be applied. 
Modern measuring systems are mainly based on 
application of Hall sensors. The latter posses the following 
advantages: galvanic isolation of the prime and secondary 
(measuring) circuits, high sensibility, wide temperature 
range, etc. Measuring systems, based on Hall sensors, 
provide high reliability, very low total error and allow to 
decrease the volume of the device [11, 12]. 
 
III. MAIN FEATURES OF THE DEVELOPED SYSTEM 
 
The wind power alternator operates with a brushless 
exciter. The measuring system is one of the elements of the 
complex. 
During the system development process several principal 
conditions, obligatory for performance, were accepted: 
rejection of application of units subjected to wear, 
application of sensors, not possessing their own inductance, 
excluding or decreasing of units with residual magnetization, 
easiness of setting, calibration and exploitation. 
Calculation and manufacturing of the system started from 
the rotating coil without magnetic core (Fig. 1). 
The coil consists of non-magnetic disc 1, contact bolts 2, 
two counter wound windings 3. The coil is fixed on the 
brushless exciter shaft 4 with current leads 5 within it, 
connecting the exciter with HTSC excitation winding. 
The ELCUT calculating program, applied to the design, 
showed the magnetic induction value equals several mT 
within a distance of 10 mm from the coil. The value is 
absolutely adequate for application of modern magnetic field 
sensors. 
To choose the element with proper magnetic sensibility 
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